Understanding the structural and energetic basis of inhibitor and substrate bound to the full-length NS3/4A: insights from molecular dynamics simulation, binding free energy calculation and network analysis.
Hepatitis C virus (HCV) bifunctional NS3/4A is an attractive anti-HCV drug target, as both the protease and helicase functions are required for viral infection and replication. Although the first generation of NS3/4A protease inhibitors (PIs) has focused almost exclusively on the interaction with the protease domain alone, recent studies have shown that PIs also inhibit the full-length NS3/4A protein. However, the detailed molecular mechanism of the interaction between protease inhibitors, as well as the peptide substance with the full-length NS3/4A protein, remains poorly understood. Herein, starting from the recently determined crystal structure of an inhibitor (inhibitor ) bound to the full-length NS3/4A protein, the structures of the full-length NS3/4A complexed with inhibitor ITMN-191 (by InterMune/Roche; Phase II) and substrate 4B5A (the viral cleavage product peptide) were built. Then, residue interaction network (RIN) analysis, molecular dynamics (MD) simulation, binding free energy calculation, decomposition of free energies on per-residue and dynamic substrate recognition pattern analysis were employed to uncover the structural and energetic basis of inhibitor and substrate binding mode in the binding cleft located at the interface of the protease and helicase domains of the full-length NS3/4A. The results from our study reveal that both the protease and helicase residues of the NS3/4A participate in the interactions with the inhibitor , ITMN-191 and 4B5A. Additional analysis of the NS3/4A substrate and inhibitor envelopes reveals the areas where the consensus inhibitor volume extended beyond the substrate envelope. These areas correspond to drug resistance mutations including Arg155, Ala156 and Asp168 at the protease active site as well as the two conserved helicase residues Gln526 and His528 that strongly interact with the inhibitors. Thus, the findings of this study will be very useful for understanding the interaction mechanism between the inhibitor (substrate) and NS3/4A and also for the rational design and development of new potent molecules targeting the full-length NS3/4A.